c(RGDyK)-labeled AuNCs at 37 °C in the wells of a 6-well culture plate. After 24 h, the medium was removed from each well, and 1 mL of fresh medium (without AuNCs) was added to wash off the loosely bound AuNCs on the surface of the cells. After repeating the washing procedure one more time, a UV-vis spectrophotometer (CARY50, Varian, Marietta, GA) was used to record extinction spectrum of the culture medium containing the AuNCs. We followed the same experimental procedures described in our previous works. [32, 33] Briefly, the background from 300 nm to 1100 nm was obtained for EMEM containing FBS and antibiotics. Before uptake studies, we recorded a spectrum of the culture medium containing FBS, antibiotics and the c(RGDyK)-labeled AuNCs (denoted "before"). After incubation of the nanocages with the cells, a spectrum was recorded again for the medium combined with the solutions from the two washing steps (denoted "after"). When the culture medium after uptake was combined with the two washing solutions, the concentration of nanoparticles was reduced as a result of dilution. Therefore, for the latter case, we adjusted the spectrum by accounting for the total volume (2 mL) of the added washing solutions.
See Figure S1b for the spectra. We calculated the number of c(RGDyK)-labeled AuNCs per U87-MG cell, based on the extinction spectra and a calibration curve (Fig. S1a) , and the number of cells in each well as counted using a hemocytometer. harvested by trypsin treatment, and 20 μL of the cell suspension (1 × 10 7 cells/mL) was subcutaneously injected into the dorsal side of the mouse. During PAM imaging, we maintained the anesthesia of the mouse by using vaporized isoflurane (1 L/min oxygen and 0.75% isoflurane, Euthanex Corp., Allentown, PA), and vitals were monitored using a pulse oximeter (8600 V, Nonin Medical INC., Plymouth, MN). The body temperature of the mouse was maintained by using a water-heated pad. Immediately after imaging, the mouse was brought back to a mouse cage.
The PAM imaging was repeated with the same procedure every 2 days for 6 days. After the last imaging session, the mouse was euthanized by administrating an overdose of pentobarbital.
The details about PAM were well described elsewhere. [15, S2] MHz transducer, respectively. [34, S2] The maximum penetration depths at the ultrasonic frequency of 50 MHz and 5 MHz were ca. 3 mm and ca. 30 mm in biological tissues, respectively. [S2, S3] To obtain the in vivo calibration curve for PAM imaging of U87-MG tumors, 20 μL of the U87-MG cell suspensions (1 × 10 7 cells/mL) containing different numbers of AuNCs per cell were injected subcutaneously in parallel into the dorsal side of the same mouse. PAM images were then acquired immediately after the injection and the photoacoustic amplitudes were plotted as a function of the number of AuNCs.
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Determination of cell numbers of U87-MG tumors:
In parallel control groups, at 2, 4, and 6 days post-injection of U87-MG cells in the nude mice, the tumors (n=3) were excised and dissociated into single cell suspensions by repeated steps of collagenase and trypsin digestion. The number of cells at each time point was counted using a hemocytometer.
Statistical analysis: All the data plots were summarized as means ± standard deviations. The number of AuNCs per cell for the two daughter cells (Fig. 2d) , as obtained from two photon microscopy, were compared using analysis of variance (ANOVA). of the nanocages in the culture medium was 25 pM (based on particle number).
